Previous literature has reported effects of nicotine withdrawal on brain function during cognitive tasks such as verbal working memory (VWM). Mechanisms of these withdrawal effects have not been clearly identified. Functional neuroimaging offers an objective method to examine brain mechanisms associated with observable behavior and subjective reports. To investigate these mechanisms, 12 smokers were administered a 2-Back VWM challenge during two functional magnetic resonance imaging sessions. Participants abstained from smoking prior to both sessions; however, they applied a nicotine patch before one session and a placebo patch prior to the other. Among regions that exhibited a significant response to the 2-Back during either session, withdrawal was associated with significantly greater deactivation in left and right temporal poles and left medial frontal gyrus. The magnitude of task-related activation showed a significant inverse relationship to craving in the majority of regions during placebo administration. Also, individual brain responses varied more during placebo, suggesting inefficient neural processing. Results suggest that differences in brain response to a VWM challenge during abstinence may be attributed to increased craving. Further deactivation of regions associated with the default network (medial frontal and anterior temporal clusters) during the placebo condition suggests further suspension of default activity, possibly to compensate for inefficient neural processing.
Introduction
Working memory is a cognitive process that enables information to be held and managed online. According to Baddeley's influential model of working memory, an executive component system coordinates modality-specific short-term memory buffering systems (Baddeley, 1992) . The phonological loop is the verbal working memory (VWM) subsystem that is used to manage verbal information. Many investigators have employed functional magnetic resonance imaging (FMRI) paradigms, such as the widely used 2-Back task, with great success to examine brain function associated with working memory and its VWM subsystem (Owen et al., 2005) .
The effects of nicotine on cognitive function have been debated for decades (e.g., West, 1993; Pritchard and Robinson, 1994; Heishman, 1998; 1999) . Cognitive effects are complex, depending on several factors, such as smoking history, number of cigarettes smoked a day, and time since last cigarette (Shiffman et al., 2004; Heishman, 1999; Ernst et al., 2001a) . It has been demonstrated that administration of nicotine to non-smokers (Heishman, 1998; Bell et al., 1999; Kumari et al., 2004) and smokers in a state of withdrawal improves cognitive performance (Snyder and Henningfield, 1989; Le Houezec et al., 1994; Bell et al., 1999 Foulds et al., 1996) , and even better performance (driving simulation and discourse comprehension, Spilich et al., 1992) . Results from studies of nicotine withdrawal on working memory, including the 2-Back working memory paradigm, suggest that it is associated with worse performance (Pineda et al., 1998; Ernst et al., 2001a; Mendrek et al., 2006; Jacobsen et al., 2007; Atzori et al., 2008) ; however, some studies have reported no effects (Ernst, et al., 2001b) or non-significant trends for worse performance (Xu et al., 2005; 2006) . Functional brain imaging provides valuable complementary information to the clinical investigator that may improve the sensitivity and reliability of assessments, and provide new methods for construct validation. For instance, brain imaging allows the assessment of brain response associated with subjective states, such as craving, and more 
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